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VEHICLE

This nonprovisional application 1s based on Japanese
Patent Application No. 2014-008481 filed on Jan. 21, 2014,

with the Japan Patent Oflice, the entire contents of which are
hereby incorporated by reference.

BACKGROUND OF THE INVENTION

Field of the Invention

The present imnvention relates to a vehicle and particularly
to a vehicle that can travel using at least one of a motive
power of an engine and an electric power of a dnving
battery.

Description of the Background Art

Japanese Patent Laying-Open No. 2010-172138 discloses
a vehicle including a driving battery and an auxiliary battery
and configured to be capable of charging the auxiliary
battery with the driving battery’s electric power while the
vehicle 1s 1n a state incapable of travelling (or 1n a state with
an 1gnition switch turned off). The vehicle calculates from
the amount of charge stored 1n the driving battery a period
of time for which the vehicle when left unattended 1n the
state incapable of travelling can nonetheless maintain a state
allowing the auxiliary battery to be used to supply an
auxiliary load with electric power (hereimafter this period of
time will also simply be referred to as a “‘permissible
unattended period of time™), and the vehicle indicates the
calculated permissible unattended period of time to the user.

SUMMARY OF THE INVENTION

However, if the vehicle disclosed 1in Japanese Patent
Laying-Open No. 2010-172138 1s left unattended (or has 1ts
ignition switch turned ofl) with the driving battery having a
small amount of charge stored therein, then subsequently the
vehicle left unattended 1n that condition cannot sufliciently
charge the auxiliary battery with the driving battery’s elec-
tric power, and the vehicle can thus only have a limited
permissible unattended period of time to do so.

The vehicle disclosed in Japanese Patent Laying-Open
No. 2010-172138 can indicate the permissible unattended
period of time to the user. However, the user cannot extend
the permissible unattended period of time 11 it 15 expected
that the vehicle will be left unattended for a period of time
longer than the indicated, permissible unattended period of
time.

The present invention has been made to address the above
1ssue and contemplates a vehicle configured to be capable of
charging an auxiliary battery with a driving battery’s electric
power while the vehicle 1s left unattended, that can operate
in response to the user’s request to extend the permissible
unattended period of time.

(1) The present vehicle can travel using at least one of a
motive power of an engine and an electric power of a driving,
battery and includes: an auxiliary battery to store electric
power for operating an auxiliary load of the vehicle; and a
control device operable to execute a first charging control,
when the vehicle 1s 1 a state incapable of traveling, to
charge the auxiliary battery with the driving battery’s elec-
tric power. When the user requests to extend a permissible
unattended period of time, the control device executes a
second charging control to charge the driving battery with
clectric power generated using the motive power of the
engine. Note that the permissible unattended period of time
1s a period of time for which the vehicle, when the vehicle
1s left unattended in the state incapable of traveling, can
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nonetheless maintain by executing the first charging control
a state allowing the auxiliary battery to be used to supply the
auxiliary load with electric power.

When the user requests to extend the permissible unat-
tended period of time, the second charging control 1s
executed to charge the driving battery with electric power
generated using the engine’s motive power. This allows the
driving battery to store an increased amount of charge
therein and the vehicle that 1s left unattended to execute the
first charging control to increase electric energy that can be
supplied from the driving battery to the auxiliary battery.
The permissible unattended period of time can thus be
extended 1n response to the user’s request.

(2) Preterably, when the user performs an ofl operation to
switch the vehicle from a state capable of traveling to the
state 1ncapable of traveling, the control device i1ssues to the
user an inquiry of whether the user requests to extend the
permissible unattended period of time, and 1f the user
responds to the inquiry by requesting to extend the permis-
sible unattended period of time, the control device executes
the second charging control.

The permissible unattended period of time can thus be
extended previously in response to the user’s request when
the off operation 1s performed.

(3) Preterably, when the user performs an ol operation to
switch the vehicle from a state capable of traveling to the
state incapable of traveling, the control device calculates the
permissible unattended period of time from an amount of
charge stored 1n the driving battery, and the control device
informs the user of the permissible unattended period of
time as calculated.

The user can thus be mformed of the permissible unat-
tended period of time calculated from an amount of charge
that 1s stored 1n the driving battery when the ofl operation 1s
performed, and the user can consider 1t in determiming
whether the user requests extending the permissible unat-
tended period of time.

(4) Preferably, when the user requests to extend the
permissible unattended period of time, and when the user
also specifies the permissible unattended period of time to be
a specific period of time, the control device determines from
the specific period of time an amount of electric power
charged to the dniving battery by executing the second
charging control.

Thus an amount of electric power stored in the driving
battery by executing the second charging control 1s deter-
mined from a specific period of time as specified by the user.
This can avoid charging the driving battery for an unnec-
essarily extended period of time, which can 1n turn avoid
unnecessarily drniving the engine and hence poor fuel
economy.

The foregoing and other objects, features, aspects and
advantages of the present invention will become more
apparent ifrom the following detailed description of the
present ivention when taken in conjunction with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram generally showing a vehicle.

FIG. 2 1s a first flowchart to represent a process done by
an ECU.

FIG. 3 shows by way of example an indication that the
ECU causes a display device to display.
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FIG. 4 1s a second flowchart to represent a process done
by the ECU.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The present invention in an embodiment will heremnafter
be described with reference to the drawings. In the following,
description, identical components are i1dentically denoted.
Their names and functions are also identical. Accordingly,
they will not be described repeatedly 1n detail.

Throughout the present specification, the term “‘electric
power’ may mean that in a narrow sense (i.e., power) and
may also mean that 1n a broad sense (1.¢., work) or electric
energy, and the term 1s construed flexibly depending on how
it 1s used.

FIG. 1 1s a block diagram generally showing a vehicle 1
according to the present embodiment. Vehicle 1 includes an
engine 10, a driving shaft 16, a {irst motor generator (here-
iafter referred to as a first MG) 20, a second motor
generator (heremafter referred to as a second MG) 30, a
power split device 40, a speed reducer 38, a power control
unit (PCU) 60, a battery storing electric power for driving,
the vehicle (heremaftter also referred to as a main battery) 70,
a driving wheel 80, a DC/DC converter 90, a battery storing
electric power for an auxihary load (heremaftter also referred
to as an auxiliary battery) B, an electronic control unit
(ECU) 200, and a security device 300.

Vehicle 1 1s a hybrid vehicle travelling using at least one
of the motive power of engine 10 and the motive power of
second MG 30 (or the electric power of main battery 70).

Engine 10 generates motive power which 1s 1n turn split
by power split device 40 for two paths: one 1s a path for
transmission via speed reducer 38 to driving wheel 80, and
the other 1s a path for transmission to first MG 20.

First MG 20 and second MG 30 are, for example, three-
phase alternating current (ac) rotating electric machines.
First MG 20 and second MG 30 are driven by PCU 60.

First MG 20 has a function as a generator to receive the
motive power of engine 10 that 1s split by power split device
40 to generate electric power.

Second MG 30 has a function as a driving motor to
receive at least any one of electric power stored 1n main
battery 70 and electric power generated by first MG 20 to
provide driving force to driving wheel 80. In addition,
second MG 30 has a function as a generator to receive
clectric power generated through regenerative braking to
generate electric power.

Power split device 40 1s a planetary gear mechanism
including a sun gear, a pinion gear, a carrier, and a ring gear.
The pinion gear engages with the sun gear and the ring gear.
The carrier supports the pinion gear rotatably and 1s coupled
with the crankshaft of engine 10. The sun gear 1s coupled
with the rotation shaft of first MG 20. The ring gear 1s
coupled via dniving shait 16 with the rotation shaft of second
MG 30 and speed reducer 58.

PCU 60 recerves direct current (dc) electric power stored
in main battery 70 and converts the dc electric power 1nto ac
clectric power that can drive first MG 20 and/or second MG
30. Furthermore, PCU 60 receives ac electric power gener-
ated by first MG 20 and/or second MG 30 and converts the
ac electric power 1nto dc electric power chargeable to main
battery 70.

Main battery 70 1s a nickel hydride battery, a lithium 10n
battery or a similar rechargeable battery, for example. Main
battery 70 outputs a high voltage for example of approxi-

mately 200 V.
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Auxiliary battery B stores electric power for operating an
auxiliary load mounted in vehicle 1, and supplies the electric
power to each auxihiary load, as required. Note that the
auxiliary load includes ECU 200, security device 300, a
headlight, an audio device and other similar electrical
devices 1n general operating on low voltage (for example of
approximately 12 V). Auxiliary battery B outputs a voltage
that 1s matched to the auxiliary load’s operating voltage (for
example of approximately 12 V, as set forth above), and
lower than that output from main battery 70 (e.g., approxi-
mately 200 V).

DC/DC converter 90 1s provided between auxiliary bat-
tery B and main battery 70. DC/DC converter 90 1s config-
ured to be capable of receiving voltage from main battery
70, buckboosting the received voltage, and supplying the
buckboosted voltage to auxiliary battery B.

Furthermore, vehicle 1 1s provided with an 1gnition (I1G)
switch 2, a display device 3, and a monitoring sensor 4.

IG switch 2 1s a device operated by the user to switch the
vehicle between a state capable of traveling (heremaftter also
referred to as a “Ready-ON state”) and a state incapable of
traveling (hereinafter also referred to as a “Ready-OFF
state”). When the vehicle 1s 1n the Ready-OFF state and the
user presses 1G switch 2 (hereinafter this operation will also
be referred to as an “IG ON operation™) an IG relay (not
shown) 1s turned on (or closed) and a vehicular control
system including ECU 200 1s mitiated. ECU 200 that 1s
initiated turns on (or closes) a system main relay (not shown)
provided between PCU 60 and main battery 70. This con-
nects main battery 70 to PCU 60 and the vehicle thus
establishes the Ready-ON state. In contrast, when the
vehicle 1s 1n the Ready-ON state and the user presses 1G
switch 2 (heremaiter this operation will also be referred to
as an “I1G OFF operation™) ECU 200 turns ofl (or opens) an
IG relay (not shown). This disconnects main battery 70 from
PCU 60 and the vehicle thus establishes the Ready-OFF
state.

Display device 3 1s configured for example including a
so-called touchscreen panel, and it receives information
from ECU 200 and displays the received information to the
user, and also receives information iput by the user through
an operation and transmits the received information to ECU
200.

Monitoring sensor 4 senses a state, such as current,
voltage, temperature, of main battery 70, and transmits the
sensed result to ECU 200.

Security device 300 1s a device that momtors whether
there 1s any dubious person who 1s going to use vehicle 1
improperly while the registered user of vehicle 1 1s absent,
and 1f so, the device mforms a vicinity of vehicle 1, a
previously registered contact, or the like accordingly. Secu-
rity device 300 in the Ready-OFF state operates on the
clectric power supplied from auxiliary battery B. Note that
while the present embodiment 1indicates security device 300
by way of example as an auxiliary load consuming the
clectric power of auxiliary battery B in the Ready-OFF state,
the auxiliary load may not be security device 300 or may be
security device 300 and in addition thereto another such
auxiliary load.

Furthermore, although not shown, vehicle 1 1s provided
with a plurality of sensors to sense accelerator pedal position
(or an amount by which the user operates the accelerator
pedal), engine speed, vehicular speed V, and a variety of
other physical quantities required for controlling vehicle 1.
These sensors transmit their sensed results to ECU 200.

ECU 200 1s an electronic control unit having a central
processing unit (CPU) and a memory (not shown) incorpo-
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rated therein. ECU 200 performs a prescribed operational
processing based on imnformation received from each sensor
and information stored 1n the memory and uses the resultant
operation to control each device of vehicle 1.

ECU 200 uses a result as sensed by monitoring sensor 4
to calculate a state of charge of main battery 70 (heremafter
referred to as “SOCm™). SOCm represents a proportion (in
%) of an amount of charge (Ah) stored 1n main battery 70
relative to a full charge capacity (Ah) of main battery 70.
SOCm 1s calculatable 1n a variety of known methods such as
using a relationship between main battery 70°s voltage and

SOC, a cumulative value of a current of main battery 70, or
the like.

As has been set forth above, vehicle 1 includes main
battery 70 to supply electric power to second MG 30
generating vehicular driving force, and, apart from that,
includes auxiliary battery B lower in voltage than main
battery 70. Vehicle 1 1s adapted to allow auxiliary battery B
to supply a low-voltage auxiliary load (e.g., ECU 200,
security device 300, and the like) with electric power.

In the Ready-OFF state, a large number of auxiliary loads
including ECU 200 cease operating. However, security
device 300 and some other auxiliary loads consume the
clectric power of auxiliary battery B even 1n the Ready-OFF
state. If vehicle 1 1s left in the Ready-OFF state unattended
for a long period of time, the amount of charge stored 1n
auxiliary battery B 1s reduced and the auxiliary load may no
longer be operable. If in that case the user performs the IG
ON operation to start vehicle 1, the user cannot switch the
vehicle to the Ready-ON state and hence cannot start vehicle
1.

Accordingly, ECU 200 1s configured to be automatically
iitiated 1n the Ready-OFF state periodically as prescribed
(e.g., Tor every 10 days). When ECU 200 1s automatically
initiated in the Ready-OFF state, and auxiliary battery B has
stored therein an amount of charge smaller than a prescribed
value, ECU 200 executes a control to use the electric power
of main battery 70 to charge auxiliary battery B (hereinafter
also reterred to as “the pumped charging control”). The
pumped charging control allows vehicle 1 left unattended
for a long period of time to nonetheless maintain the state
allowing auxiliary battery B to be used to supply the
auxiliary load with electric power.

When ECU 200 executes the pumped charging control,
ECU 200 establishes a path for supplying electric power
from main battery 70 to auxiliary battery B, and ECU 200
also controls DC/DC converter 90 to buckboost the voltage
of main battery 70 and supply the buckboosted voltage to
auxiliary battery B. Note, however, that when main battery
70 has an SOCm smaller than a reference value, ECU 200
does not execute the pumped charging control. In other
words, when main battery 70 has a small amount of charge
stored therein, the pumped charging control 1s prohibited.

Note that vehicle 1 left in the Ready-OFF state unattended
can maintain by executing the pumped charging control for
a period of time a state allowing auxiliary battery B to be
used to supply the auxiliary load with electric power, and
this period of time will hereinafter also be referred to as a
“permissible unattended period of time.” Accordingly, the
permissible unattended period of time 1s longer when main
battery 70 has a larger SOCm (1.e., when main battery 70
pumped as controlled can supply and thus charge auxiliary
battery B with larger electric energy).

When vehicle 1 thus configured has the 1G switch turned
ofl with main battery 70 having a small SOCm and the
vehicle 1s left i that condition unattended, the pumped
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6

charging control may be executed imsuiliciently and as a
result the vehicle may only have a limited permissible
unattended period of time.

Accordingly in the present embodiment when the IG OFF
operation 1s performed ECU 200 mmqures of the user
whether the user requests to extend the permissible unat-
tended period of time. I1 the user responds to the imquiry by
requesting to do so, ECU 200 executes a control to charge
main battery 70 with the electric power generated by first
MG 20 using the motive power of engine 10 (hereinafter
also referred to as “the engine involved charging control”).

FIG. 2 1s a first flowchart to represent a process done by
ECU 200 when the IG OFF operation 1s performed. Note
that while heremafter the permissible unattended period of
time will be represented 1n days, 1t 1s by way of example and
may be represented 1n hours, minutes or the like.

In step (S) 10, ECU 200 determines whether the current
SOCm (1.e., an SOCm that main battery 70 has when the IG
OFF operation 1s performed) 1s smaller than a threshold
value. Note that the threshold value 1s determined based on
the above described reference value (i.e., a value for which
the vehicle left unattended 1s prohibited from executing the
pumped charging control). For example, the reference value
may per se serve as the threshold value.

When the current SOCm 1s smaller than the threshold
value (YES 1n S10), ECU 200 proceeds to S11 to determine
whether the engine involved charging control 1s executable.
For example, ECU 200 determines that the engine involved
charging control 1s executable when the following condi-
tions (c1) and (c2):

(c1) the vehicle currently has a shift position at a parking
(P) position; and

(c2) the vehicle currently has a parking brake in an ON
state
are both established, otherwise ECU 200 determines that the
engine 1nvolved charging control 1s not executable.

Conditions (c1) and (c2) are both conditions for ensuring,
that vehicle 1 does not start to move when the engine
involved charging control i1s executed and engine 10 1s
accordingly operated.

Note that conditions (c1) and (c2) are merely 1llustrative
and are not itended to serve as a limitation. For example,
conditions (c1) and (c2) and 1n addition thereto at least any
one of conditions (c3) to (¢5) may be executed, as follows:

(c3) the vehicle has its engine hood (not shown) closed;

(c4) the vehicle has vehicular speed V of O (or vehicle 1
1s stopped); and

(c5) the vehicle does not have a system fault such as a
broken signal line.

When the engine involved charging control 1s executable
(YES 1 S11), ECU 200 proceeds to S12 to calculate the
currently permissible unattended period of time 1n days from
the current SOCm and cause display device 3 to display 1t
together with other information.

For example, ECU 200 uses an expression (1) to calcu-
late the currently permissible unattended period of time 1n
days, as follows:

currently permissible unattended period of time in
days=(main battery’s full charge capacityxcur-
rent SOCm)/dark current

(el),

wherein the main battery’s full charge capacityxthe current
SOCm dicates an amount of charge (Ah) currently stored
in main battery 70, and dark current indicates an amount of
clectricity (Ah/day) that auxiliary battery B outputs to the
auxiliary load a day while vehicle 1 1s left unattended, and
it has a value predetermined through an experiment or the
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like. Note that expression (el) 1s merely 1illustrative and 1s
not intended to serve as a limitation. For example, how much
amount of charge 1s currently stored in auxiliary battery B
may also be considered to calculate the currently permissible
unattended period of time 1n days.

ECU 200 1n S12 causes display device 3 to display the
calculated currently permissible unattended period of time 1n
days together with a message to imquire of the user whether

the user requests to execute the engine mvolved charging
control to extend the permissible unattended period of time
in days.

FIG. 3 shows by way of example an indication that ECU
200 1n S12 causes display device 3 to display.

As shown 1n FIG. 3, display device 3 has a screen, which
displays a message “Operate engine to generate electric
power to prevent battery from degrading and going dead?”
This message 1s displayed to inquire of the user whether the
user requests to execute the engine involved charging con-
trol to extend the permissible unattended period of time in
days.

Furthermore, display device 3 displays on the screen a
YES button pressed to select generating electric power from
now for a period of time o 1n minutes, and a NO button. The
user can touch on the screen at the YES button to enter that
the user requests the engine involved charging control. The
user can touch on the screen at the NO button to enter that
the user does not request the engine involved charging
control. The period of time o 1n minutes 1s a commanded
period of time to execute the engine ivolved charging
control. This commanded period of time to execute the
engine mvolved charging control can be adjusted to modily
an amount of electric power generated by executing the
engine 1nvolved charging control (1.e., an amount of electric
power charged to main battery 70).

ECU 200 uses an expression (e2) to calculate a com-
manded period of time to execute the engine involved
charging control (in hours), as follows:

commanded period of time=dark electric energyx
(commanded permissible unattended period of
time 1 days minus currently permissible unat-
tended period of time in days)/electric power

charged (e2),

wherein: dark electric energy 1s electric energy (Wh/day)
consumed by the auxiliary load a day while vehicle 1 1s left
unattended, and 1t has a value predetermined through an
experiment or the like; the commanded permissible unat-
tended period of time in days 1s set to a predetermined
standard period of time 1n days (e.g., 75 days), unless
otherwise specified by the user, otherwise 1t 1s set to a period
of time 1n days as specified by the user; the currently
permissible unattended period of time 1n days has a value
calculated wvia expression (el); and the electric power
charged 1s electric power (W) chargeable to main battery 70
by executing the engine involved charging control, and 1t has
a value determined by the state of main battery 70, the
performance of DC/DC converter 90, and the like. Note that
expression (e2) 1s merely 1llustrative and does not serve as
a limaitation.

Furthermore, display device 3 displays on the screen a
resultant calculation of the currently permissible unattended
period of time as a period of time {3 1 days allowed before
the battery goes dead. The user can thus be informed of the
currently permissible unattended period of time p in days,
and the user can consider it 1n determining whether the user
requests to execute the engine mvolved charging control to
extend the permissible unattended period of time 1n days.
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Furthermore, display device 3 indicates on the screen “If
YES, an extension to a period of time v 1n days 1s obtained.”
Note that the period of time v 1n days represents the above
described, commanded permissible unattended period of
time 1n days, and 1t indicates a permissible unattended period
of time as extended by executing the engine involved
charging control. The user can thus be previously informed
of the extended permissible unattended period of time 1n
days.

Furthermore, display device 3 displays on the screen an
extension button pressed to extend the permissible unat-
tended period of time 1n days. When the user touches the
extension button, a subscreen (not shown) 1s further dis-
played to allow the user to specily a commanded permissible
unattended period of time 1n days (1.e., an extended permis-
sible unattended period of time in days). When the user
specifies (or mputs) a commanded permissible unattended
period of time 1n days via the subscreen, ECU 200 changes
the period of time v 1n days on the screen from a standard
pertiod of time 1n days to the commanded permissible
unattended period of time 1n days as specified by the user,
and ECU 200 also executes the commanded permissible
unattended period of time in days as specified by the user to
expression (€2) to again calculate a commanded period of
time for executing the engine involved charging control and

accordingly modily the period of time o 1n minutes 1ndi-
cated on the screen.

Note that what 1s indicated by display device 3 may
entirely or partially be indicated to the user audibly.

Again with reference to FI1G. 2, ECU 200 proceeds to S13
to determine whether the user requests the engine involved
charging control. As has been set forth above, when the user
touches the “YES” on the screen of display device 3, ECU
200 determines that the user requests the engine mvolved
charging control. When the user touches the “NO” on the
screen of display device 3, ECU 200 determines that the user
does not request the engine involved charging control.

Once the engine involved charging control has been
requested (YES 1n S13), ECU 200 proceeds to S14 to mnitiate
the engine 1nvolved charging control.

ECU 200 proceeds to S15 to count (or measure) time
while the engine 1nvolved charging control 1s executed.

ECU 200 proceeds to S16 to determine whether the
engine involved charging control has been executed for a
duration exceeding the commanded period of time applied to
execute the engine mvolved charging control (see expres-
sion (e€2) above).

If not (NO 1n 516), ECU 200 returns to S135 and continues
the engine involved charging control.

If so (YES 1n 516), ECU 200 proceeds to S17 to cease the
engine mvolved charging control. Subsequently, the vehi-
cle’s status 1s switched to the Ready-OFF state.

In contrast, 1f the current SOCm 1s not smaller than the
threshold value (NO 1n S10), the engine imnvolved charging
control 1s not executable (NO 1n S11), or the user does not
request the engine involved charging control (NO 1n S13),
then ECU 200 avoids the engine involved charging control
(S18). Subsequently, the vehicle’s status 1s switched to the
Ready-OFF state.

Thus 1n the present embodiment ECU 200 executes the
engine involved charging control to charge main battery 70
when the user requests to extend a permissible unattended
period of time. Main battery 70 can thus have an increased
amount of charge stored therein and vehicle 1 left unat-
tended can accordingly increase electric energy supplied
from main battery 70 to auxiliary battery B by executing
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pumped charging. The permissible unattended period of
time can thus be extended in response to the user’s request.

In particular, in the present embodiment, ECU 200 oper-
ates 1n response to the IG OFF operation to display a
message to inquire ol the user whether the user requests to
extend the permissible unattended period of time, and 11 the
user responds to the inquiry by requesting to do so, ECU 200
executes the engine mvolved charging control. The permis-
sible unattended period of time can thus be extended pre-
viously in response to the user’s request when the 1G OFF
operation 1s performed.

Furthermore in the present embodiment ECU 200 calcu-
lates the permissible unattended period of time from an
amount of charge that 1s stored 1n main battery 70 when the
IG OFF operation 1s performed, and ECU 200 indicates the
calculated permissible unattended period of time to the user.
The user can thus be informed of the permissible unattended
period of time calculated from the amount of charge that 1s
stored 1n main battery 70 when the 1G OFF operation 1s
performed, and the user can consider 1t in determining
whether the user requests to extend the permissible unat-
tended period of time.

Furthermore 1n the present embodiment 1t the user
requests to extend the permissible unattended period of time,
and, 1n doing so, the user also specifies a specific period of
time to do so, then ECU 200 determines from the specific
pertod of time a commanded period of time applied to
execute the engine involved charging control (1.e., an
amount ol electric power charged to main battery 70 by
executing the engine involved charging control). This can
avold charging main battery 70 for an unnecessarily
extended period of time, which can 1n turn avoid unneces-
sarily driving engine 10 and hence poor fuel economy.

Exemplary Vanation

FI1G. 4 1s a tflowchart to represent a process done by ECU
200 when the 1G OFF operation 1s performed, as provided
in an exemplary variation. Note that the FIG. 4 steps that
have step numbers, respectively, identical to those of the
FIG. 2 steps are as has been described with reference to FIG.
2 and accordingly, will not be described repeatedly.

When the current SOCm 1s smaller than the threshold
value and the engine involved charging control 1s not
executable (YES 1n S10 and NO 1 S11), ECU 200 proceeds
to S20 to cause display device 3 to display the currently
permissible unattended period of time 1n days, and together
therewith, that there 1s a possibility that the permissible
unattended period of time i days may be short. For
example, when the parking brake 1s not 1n the ON state and
accordingly, condition (c2) 1s not established, ECU 200 may
cause display device 3 to indicate “As the parking brake 1s
not 1 the ON state, the engine 1involved charging control 1s
not executable. Set the parking brake to the ON state.” to
1ssue an alarm. Furthermore, for example, 11 the engine hood
1s open and accordingly, condition (c¢3) 1s not established,
ECU 200 may cause display device 3 to indicate “As the
engine hood 1s open, the engine mvolved charging control 1s
not executable. Close the engine hood.” to 1ssue an alarm.

If the current SOCm 1s smaller than the threshold value
and the engine involved charging control 1s executable, and
the user does not request the engine involved charging
control (YES 1n 510, YES 1n S11, and NO 1n S13), then ECU
200 proceeds to S21 to cause display device 3 to indicate “Is
it really OK without extending the permissible unattended
period of time 1n days?” to 1ssue an alarm.

After the S20 or S21 alarm 1s 1ssued, ECU 200 proceeds
to S22 to determine whether the user has requested the
engine 1nvolved charging control.
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If so (YES 1in S22), ECU 200 proceeds to S23 to again
determine whether the engine mvolved charging control 1s
executable.

If so (YES 1 S23), ECU 200 proceeds to S14 to imtiate
the engine involved charging control.

After the alarm 1s 1ssued 1f the user does not request the
engine mnvolved charging control (NO 1n S22) or the engine
involved charging control 1s not executable (NO 1n S23) then
ECU 200 proceeds to S18 to avoid the engine mmvolved
charging control.

Thus an alarm can be 1ssued to urge the user to be alert
when there 1s a possibility that there may only be a limited
permissible unattended period of time 1n days and despite
that the permissible unattended period of time 1n days 1s not
extended (1.e., when the engine involved charging control 1s
not executable or the user does not request the engine
involved charging control). The alarm can urge the user to
cnable the engine involved charging control, request the
engine involved charging control, or the like to extend the
permissible unattended period of time 1n days.

Although the present invention has been described and
illustrated 1n detail, 1t 1s clearly understood that the same 1s
by way of illustration and example only and 1s not to be
taken by way of limitation, the scope of the present inven-
tion being interpreted by the terms of the appended claims.

What 1s claimed 1s:

1. A vehicle that can travel using at least one of a motive
power of an engine and an electric power of a dnving
battery, comprising;:

an auxiliary battery to store electric power for operating

an auxiliary load of the vehicle; and

an electronic control unit including a central processing

unit and memory for performing operational processing
to control the vehicle, the electronic control unit con-
figured to:

execute a first charging control, when the vehicle 1s 1n a

state incapable of traveling, to charge said auxiliary
battery with said driving battery’s electric power,
execute a second charging control to charge said driving
battery with electric power generated using the motive
power ol said engine, when a user requests to extend a
permissible unattended period of time, wherein
said permissible unattended period of time being a period
of time for which the vehicle, when the vehicle 1s left
unattended 1n said state incapable of traveling, 1s con-
figured to maintain, by executing said first charging
control, a state allowing said auxiliary battery to be
used to supply said auxiliary load with electric power.

2. The vehicle according to claim 1, wherein when the
user performs an ofl operation to switch the vehicle from a
state capable of traveling to said state incapable of traveling,
said control device i1ssues to the user an inquiry of whether
the user requests to extend said permissible unattended
period of time, and if the user responds to said inquiry by
requesting to extend said permissible unattended period of
time, said control device executes said second charging
control.

3. The vehicle according to claim 1, wherein when the
user performs an ofl operation to switch the vehicle from a
state capable of traveling to said state incapable of traveling,
said control device calculates said permissible unattended
period of time from an amount of charge stored in said
driving battery, and said control device informs the user of
said permissible unattended period of time as calculated.

4. The vehicle according to claim 1, wherein when the
user requests to extend said permissible unattended period of
time, and when the user also specifies said permissible
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unattended period of time to be a specific period of time, said
control device determines from said specific period of time

an amount of electric power charged to said driving battery
by executing said second charging control.
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